Objective: To compare outcomes of patients undergoing bariatric procedures in hospitals designated as centers of excellence compared with nondesignated hospitals.
vealed that annual procedure volume has a weak effect on outcomes. Similarly, many variables that were statistically significantly different between centers and noncenters proved to be clinically unimportant by effect size analysis. Risk adjustment was effectively achieved by using the Agency for Healthcare Research and Quality-supplied variables all-payer severity-adjusted diagnostic related group expected charges and deaths.
Conclusions: Designation as a bariatric surgery center of excellence does not ensure better outcomes. Neither does high annual procedure volume. Extra expenses associated with center of excellence designation may not be warranted. 1 This recommendation resulted from concern about the safety of bariatric procedures, especially for high-risk patients such as those typically covered by the CMS.
The CMS did not specify what would constitute a COE. The American College of Surgeons and the American Society for Metabolic and Bariatric Surgery established criteria for COE status, with each organization issuing nearly identical guidelines. [2] [3] [4] Meeting both sets of criteria requires a certain amount of program support and coordination, and both require entry of outcomes data into proprietary databases and the performance of at least 125 operations per year. These criteria make intuitive sense but lack an evidence base for their application. 5 Program characteristics thought to be related to optimal outcomes for bariatric surgery were delineated in a 2004 Betsy Lehman Center report on patient safety. 6 Because there have been few studies in this area, this report primarily relied on expert opinion as evidence for recommendations. The relationship between the recommended structural elements for a bariatric surgery program and its outcomes are not known. I hypothesize that bariatric surgery programs fulfilling the requirements necessary to become a designated COE will have better outcomes than nondesignated centers.
METHODS

DATABASE ACQUISITION AND CASE IDENTIFICATION
Data from the 2005 National Inpatient Survey (NIS) were obtained from the Agency for Healthcare Research and Quality. 7 Most programs with COE status obtained it in 2006 based on their performance for the prior year. The NIS is a population-representative sampling of hospital discharge data that includes 20% of all the hospitalizations in the United States in any given
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year. In contrast to the other large hospital discharge database (the National Hospital Discharge Survey), which samples a fraction of discharges from any given hospital, the NIS obtains information about all discharges from a select number of facilities in the United States. This method has the advantage of including the full spectrum of activity from hospitals in various regions. Although the NIS is statistically corrected to be population representative, data are only collected from hospitals in 29 states, and ethnicity data are often incomplete. Therefore, there are regions and populations that may not be well represented in the NIS. The major advantage of the NIS is the completeness of information from individual hospitals, which facilitates volumeoutcome analysis. The NIS also includes discharge information from a variety of hospital types, including small community facilities and large academic teaching hospitals.
To best reflect the primary reason a patient was hospitalized, patients are assigned to a diagnosis related group (DRG) at the time of discharge based on diagnostic and procedure codes, as well as information from the patient's medical record. Bariatric procedures were identified as discharges encoded with DRG288. The code DRG 288 (operating room procedures for obesity) is only used when the primary reason for hospitalization is to undergo procedures related to morbid obesity. Therefore, any patient encoded with DRG 288 was admitted with the intent to perform an operation for a problem related to a patient's morbid obesity. Procedures associated with plastic surgery, ie, those with ICD-9-CM procedure codes ranging from 85.XX to 86.XX, were excluded. 8 Similar to a prior approach for case identification, 9 operations identified with ICD-9-CM codes from 43.80 to 44.98 and DRG288 were defined as bariatric surgical procedures.
Poverty was defined as living in a zip code region with a median annual income of less than $35 000, which since 2003 has been the Agency for Healthcare Research and Quality income threshold for defining poverty. Elderly was defined as being older than 65 years.
The bariatric procedure case volume for each facility was counted for the year 2005. Deaths were identified from the NIS variable DIED (ie, died while in the hospital). Complications were defined by NIS clinical classification software diagnostic vari-able238, "complications of surgical procedures or medical care." 10 Risk adjustment was achieved by use of the all-payer severityadjusted DRGs (APS-DRGs) normalized charge, length of stay, and mortality weights file version 22, as supplied by the NIS. 11, 12 An APS-DRG combines information about a patient's principal diagnosis and age, as well as secondary diagnoses and procedures to estimate the magnitude of a patient's illness and risk of complications and death. Hospital charges are used as a proxy for a patient's risk for adverse outcomes because charges will be somewhat proportional to the totality of care delivered to an individual patient. The NIS provides a weighting scheme for observed hospital charges that combines the APS-DRG category, which predicts the magnitude of a patient's disease burden, with the observed charge that has been corrected for variability of charges between hospitals for similar conditions and the wage index for each hospital in the database. The resultant index predicts a patient's anticipated resource utilization given his or her overall state of health and the procedures performed.
Expected mortality was calculated by multiplying the APS-DRG variable APSDRG_Mortality_Weight by 0.02239 for each record. Expected hospital charges were calculated by multiplying the APS-DRG variable APSDRG_Charge_Weight by $16 995.17. Because expected charges include the cost of care that would be incurred were treatment complications to develop, expected charges were used to risk-adjust bariatric procedure complication calculations.
The COEs were as identified on the CMS Web site (http: //www.cms.hhs.gov/MedicareApprovedFacilitie/BSF/list.asp). Hospital names were hand-matched to the list of hospitals in-cluded in the 2005 NIS. Any NIS records that did not have an associated hospital name were excluded from the analysis.
Database management and statistical analysis were performed using SAS statistical software, version 9.1 (SAS Inc, Cary, North Carolina). Proportions were tested by 2 analysis, and the statistical significance for the difference between mean values was tested with t tests. When variances were unequal, differences between mean values were analyzed using t tests for unequal variance.
Effect sizes for comparing mean values were calculated by dividing the difference between means by the standard deviation 13 :
If d is less than 0.20, then the difference is considered small. If d ranges from 0.20 to 0.50, then the difference is considered medium. If d is more than 0.50, then the difference is considered large. Effect sizes for proportions were calculated by:
where h is the effect size and is the arcsine transform of the proportion being evaluated. The arcsine transform is calculated by φ = 2 arcsine √p,
where p is the proportion. Effect sizes of 0.2 and smaller are defined as small, of 0.5 as medium, and of 0.8 or more as large. 14 Logistic regression modeling was used to assess the effect of COE status and annual hospital procedure volume on bariatric procedure morbidity and mortality. In-hospital death was the dependent variable, and COE status, annual procedure volume, age, and male sex were also entered into the regression equations. Age and male sex were included because these are wellrecognized risk factors for poor outcomes from bariatric procedures. The expected death rate was also entered into the regression equation to serve as a risk adjuster. Morbidity was modeled by entry of the presence or absence of complications as the dependent variable. Risk adjustment was achieved by entering the expected probability for complications. The probability for complications was estimated by multiplying the grand mean complication rate times the APS-DRG expected charges for an individual patient divided by the median charge value for the entire cohort. All continuous variables were normalized to a mean of 0 and SD of 1 to facilitate comparison of odds ratios (ORs) between variables.
Further exploration of the relationships between deaths and the complications and variables found to be significantly related to them with logistic regression was performed with generalized additive model regression (GAM) techniques (proc GAM; SAS statistical software, version 9.1). We used GAM with spline fitting as an exploratory data analysis technique to establish the complexity of the independent-dependent variable relationship. Logistic regression using SAS proc GENMOD was then applied to the data, incorporating the refined parameter information into the new regression equation.
Expected complication rates were derived from the APS-DRG normalized charges for each patient. The probability of the expected number of complications for a patient was calculated by multiplying the overall observed complication rate for the entire cohort (6.4%) by the expected charges for that patient divided by the median expected charge for the entire co- APR 2009 hort ($23 917). The expected number of complications for a given hospital was calculated by summing the expected complication probabilities for each patient undergoing a bariatric procedure at that facility. The observed number of complications for a hospital was the sum of the observed complications for each patient, with the patient designated as either having a complication or not (not the total number of complications observed for each patient). Ratios of observed-to-expected (O/E) morbidity were then computed for each hospital. A 90% confidence interval (CI) was computed for each O/E ratio by using an exact method to compute the CI for a binomial proportion. [15] [16] [17] Hospitals whose O/E ratios did not encompass 1.0 were considered outliers.
The effect of the use of continuous vs categorical procedure volume variables on regression results was assessed by using SAS proc LOGISTIC with the VALUES option. This enables the regression to treat the volume variable as a continuous variable (unit=1) or as categories of defined size (ie, categories with units of every 25, 50, or 125 cases per year per hospital). These regressions were performed using nonnormalized data and, for the sake of comparison with previously reported volumeoutcome studies, were run without the DESCEND option, such that the risk for complications per decreasing unit of volume was a number greater than 1. Two models were run: a minimal model with only the hospital volume as a dependent variable and a fully loaded model with volume, the quadratic volume term, patient age, male sex, COE status, teaching hospital status, Medicaid status, and poverty status entered into the regression equation as risk adjusters.
RESULTS
Twenty-four of 253 named hospitals (9.5%) in the NIS 2005 database were designated as bariatric surgery COEs. Of the 19 363 bariatric operations performed in these hospitals, 5420 (28%) were performed in COEs. As of October 4, 2007, the date the analysis was performed, there were 317 COEs listed in the CMS database. The sample used in this analysis included 7.6% of all COEs.
The overall in-house mortality was 0.1%, and the complication rate was 6.4%. The mean and variance for these variables were equal, indicating that they followed a Poisson distribution. Patient and program characteristics are presented in Table 1 . The mean number of cases performed per facility was substantially greater for COEs than for the hospitals that were not COEs. Although there were statistically significant differences between the types of hospitals in patient age, the proportion of elderly patients, male sex, patient Medicaid status, patient poverty status, and teaching hospital status, the absolute differences and effect sizes were small. Hospital costs at the COE facilities were significantly higher, but, as indicated by the small effect size, this difference is not clinically important.
Logistic regression for mortality and complication rates is presented in Table 2 . With risk adjustment by inclusion of the APS-DRG expected mortality rate in the regression equation, none of the factors tested were predictive of mortality. The APS-DRG variable expected charge was used as a risk-adjustment variable. It was significantly correlated with morbidity, with an OR (95% CI) of 1.78 (1.72-1.84) (PϽ.001). Procedure volume was inversely related to complication rates, whereas patient age and teaching hospital status were positively associated with postoperative complications. Further exploration of the volume-complication rate was carried out with GAM regression, using spline smoothing functions; GAM revealed that there was a significantly nonlinear relationship between the APS-DRG expected mortality rate and complications (Figure 1 ). Figure 1 also reveals that, although there is a procedure volume-complication rate relationship, it is weak. When a logistic regression equation was solved using quadratic terms for the expected mortality rate, the c-index improved to 0.856, and age lost statistical significance in the model. The OR (95% CI) for procedure volume in relation to complication rates was 0.84 (0.78-0.90) (P Ͻ.001). Figure 2 shows the volume-outcome effect for complications and the expected complication rate and 95% CIs for any given hospital volume based on the Poisson distribution. As hospital volumes decrease, the expected complication rate increases with profound expansion of the CIs as the volumes become very low. There are approximately as many hospitals above the 95% CIs as there are below them, suggesting that hospitals may exhibit higher or lower than expected complication rates irrespective of their procedure volume status.
Given that there was a statistically significant hospital volume effect for complications, we examined the effect of arbitrarily assigning hospital volumes to predefined categories on the resultant ORs ( Table 3 ). The minimal model shows that, as one considers the procedure volume-effect in single unit increments, the OR barely reaches significance. With aggregation into larger volume units, the OR appears larger. Bariatric procedures conducted at hospitals performing fewer than 125 cases per year would appear to have an 18% greater likelihood of being associated with complications. This is reduced to 10% when the model is improved by addition of the appropriate quadratic terms and risk adjusters in the regression equation.
If there is a volume effect, what volume should be used as a threshold for certifying bariatric surgery centers? This question was addressed by O/E ratio calculation. I used the APS-DRG expected charges as a proxy for prediction that complications might develop. Regression modeling demonstrated that inclusion of this variable in the complication regression model resulted in a very high c-index, suggesting that it serves as a good predictor for untoward events. The O/E ratio APS-DRG charges were calculated, as were the 95% CIs (Figure 3) . Statistical significance was observed only for those facilities performing more than 500 procedures per year.
COMMENT Substantially more bariatric operations were performed at COEs than hospitals not having that designation. Despite their higher volumes and COE designation, out- comes were equivalent to those at facilities not designated as COEs. Patient care costs were statistically significantly higher at COEs, but effect size measurements suggested that these differences were not clinically significant. It has been shown that the minimal annual procedure volume required to be designated as a COE (125 cases per year) does not necessarily result in better outcomes and that the minimum volume requirement is not evidence based. 5 Most important, this volume criterion significantly restricts access for bariatric surgery care. 5 The number of bariatric operations performed each year was the most striking difference between bariatric surgery COEs and hospitals that were not COEs. Patient and facility characteristics were similar as were complication and death rates. These findings demonstrate that COE designation is not associated with better outcomes, despite the higher annual procedure rate associated with this designation. Designation as a bariatric surgery COE requires a significant amount of personnel and infrastructure support. All COEs must have a bariatric surgery coordinator, personnel dedicated to data entry into proprietary databases, personnel devoted to following up patients long term, and subscription to one of the database services used to track bariatric surgery outcomes. No evidence exists that these program structural elements translate to better outcomes. Criteria such as entry of outcomes data into proprietary databases result in substantial program costs yet do not have a clear relationship to surgical outcomes. Neither the American Society for Metabolic and Bariatric Surgery bariatric outcomes longitudinal database nor the American College of Surgeons National Surgical Quality Improvement Program databases have been shown to improve bariatric surgery outcomes. Assumptions have been made that use of these databases will mimic the successes of the US Department of Veterans Affairs National Surgical Quality Improvement Program experience. This is not likely, because the Department of Veterans Affairs oversees a self-contained health care system that has a central authority with the ability to intervene in underperforming surgical programs, a process not possible in the private sector. In an era where most hospitals have operational deficits and physician reimbursement is falling, requiring additional costs in the name of improved qual- The lines indicate the 95% confidence intervals (CIs) for observed complication rates based on the Poisson probability distribution (based on an overall complication rate of 6.4%). Because of sampling limitations, there is substantial uncertainty in knowing the true complication rate for centers performing small numbers of procedures. This is manifested by the very wide CIs seen at low annual procedure volumes. Note that as many facilities fall above as do below the 95% CI, indicating an inconsistent relationship between facility volume and complication rates. For example, if low volume facilities are truly associated with high complication rates, they would consistently plot above the upper 95% CI line. a As the units (number of bariatric procedures performed per year) are aggregated into larger categories, the apparent risk for complications between high-and low-volume facilities increases. This effect is still present even with the substantially improved risk adjustment, as is seen in the fully loaded model containing quadratic terms that account for the shape of the observed complication-volume outcome relationship and a number of patient and hospital factors that can independently influence complication rates. b P Ͻ .001 for all comparisons. ity should only be imposed if those expenses can be irrefutably justified by their benefit in terms of improved outcomes. The present study suggests that expenses related to the structural elements required to achieve bariatric surgery COE status may not be justified.
Because of the large numbers of patients studied, most of the differences observed for between-groups variables were statistically significant. This is to be expected with a large database analysis in which, because of large numbers of patients, small absolute differences tend to be statistically significant. [18] [19] [20] In its most general usage, the term statistical significance simply means that a difference exists between 2 populations given some a priori definition of the degree of certainty that such a difference exists. Most tests used to quantify differences (ie, the t test) were developed to extrapolate results from groups with small sample sizes to the entire population and establish whether statistically significant differences are likely. When applied to groups that are big enough to approximate the entire population, small absolute differences are frequently interpreted as being statistically significant. Effect sizes are calculated to provide a sense for how big a difference exists between groups when a statistically significant result is found. 13, 14, 21 For the present study, effect sizes were small for all measured variables except for annual procedure volume, suggesting that, although most of the differences found between COEs and non-COEs were statistically significant, they are not of much clinical significance.
The largest difference between the COEs and non-COEs was procedure volume. Procedure volume was also significantly related to complication rates. The question was asked: If procedure volume is related to complication rates, what should the annual procedure volume be for COE designation? One method used to answer this question was GAM. Most regression techniques treat the variable coefficients as constants to be determined by the regression process. In contrast, GAM uses a function instead of a constant, giving the regression process added flexibility and allowing further exploration of the relationships between variables. Using this technique, I had anticipated an inflection in the curve describing the complication-procedure volume relationship at the point where the annual procedure volume would affect outcomes. Figure 1 shows that inflections occurred in the complication-expected charges but were not very distinct for the complicationprocedure volume curve. This latter curve implies that the complication-procedure volume relationship is weak. The O/E ratios were calculated from each hospital's observed and expected complication rates. None of these reached statistical significance for low-volume facilities and only reliably were less than 1.0 (implying better than expected outcomes) for facilities exceeding 500 bariatric surgery cases per year. Finally, an individual hospital's complication rates were plotted against procedure volume along with the expected observed rates and their 95% CIs based on the Poisson distribution. Count data such as those used for assessing complication rates follow the Poisson distribution, meaning that at low procedure volumes substantial uncertainty exists regarding what the true complication rate is for a facility given the uncertainty related to sampling phenomenon. 5 As seen in Figure 2 , the very wide CIs observed for low-volume hospitals preclude definite conclu-sions regarding the volume-outcome relationship. The complication-procedure volume relationship was also inconsistent with as many hospitals being high outliers as low outliers. Had low volumes been consistently associated with more complications, one would have expected more lowvolume facilities to have complication rates outside of the Poisson 95% CI.
There are important limitations to this study. I only examined inpatient complication rates, yet the very short lengths of stay associated with bariatric surgery suggest that when complications occur they may manifest as readmissions. This effect should be equally distributed among COEs and non-COEs. I did find a complication rate of 6.4%, a figure consistent with several recent studies of bariatric procedure complication rates. Because bariatric surgery COE criteria emphasize facility requirements directed at patient safety during the operation, one would expect to find fewer complications in COEs than in non-COEs, which should have been apparent in the index hospitalization. Another limitation was our sampling of 7.6% of the total number of COEs. Although a small sample, the centers included in the study were responsible for 30.0% of all the bariatric procedures in the cohort studied. I found that COEs perform substantially more bariatric procedures than non-COEs, yet both had commensurate outcomes. These findings suggest that the much larger number of hospitals that perform low volumes of bariatric procedures have outcomes similar to the high-volume COEs. 
INVITED CRITIQUE
T his study by Livingston uses the NIS administrative database to examine mortality outcomes in accredited vs nonaccredited bariatric surgery centers. As with any study, there are methodological limitations. However, we would like to focus this commentary on improving the quality of bariatric surgery and care.
Clearly, outcome is an important issue for improving most types of medical care. Studies using administrative data, such as the current one, frequently use inpatient mortality as the outcome because it is available and well coded in administrative discharge databases. However, if the bariatric surgeon and patient communities had their druthers, a number of equally, if not more, meaningful outcomes would probably be used to measure the quality of bariatric surgery. At the current time, bariatric procedures have become markedly safer, with substantially lower inpatient mortality rates compared with reports from years past. So, to evaluate the quality of a bariatric surgery program, other outcomes such as weight loss, patient satisfaction, quality of life, and functional status should probably be used in addition to hospital mortality.
A second issue is that quality improvement is an iterative process, and, therefore, striving to continually move forward with improving quality of care requires datahigh quality and appropriate data. Although some may contend that data collection and feedback might not produce improved quality in the private sector as they do in the Department of Veterans Affairs health care system, there are a number of well-known private sector quality improvement models (eg, Lean/Toyota, Six Sigma, Northern New England Cardiac Project, etc) that have led to markedly improved care. The common thread of these and other quality improvement programs is data collection, feedback, intervention, and more data collection.
How do we obtain high-quality, standardized, valid data on clinically meaningful outcomes? Currently, one of the better ways is through the formal bariatric surgery quality programs. Two such programs are those of the American College of Surgeons and the American Society of Metabolic and Bariatric Surgery. Although the latter is designed as a COE program, the former is a bariatric surgery network that includes large and small facilities achieving quality. Regardless of philosophical constructs, both include databases that require the facilities to input data, not just mortality data but also data that are more appropriate measures of bariatric surgery quality. This notion of "iterativeness" is also important, not only because it pertains to the process of clinical quality improvement but also because it relates to the quality improvement of the programs themselves. When current bariatric quality improvement programs began, procedure volume was used as a proxy for quality care because of the lack of known quality indicators. Using procedure volume is nothing new and, in fact, is being seen in other current quality initiatives, such as programs for esophagectomy and pancreatectomy. However, as programs mature, better insight is gained into quality evaluation, improvement, and maintenance, and, increasingly, more process and outcome indicators other than procedure volume should be used. This iterative progression is how a number of quality programs are advancing, and it is likely how the bariatric programs will also progress.
Overall, the quality train has already left the station, and the field of surgery (bariatric or otherwise) needs to continue to recognize this. Although many believe the movement is going too far, too fast, the movement is indeed continuing-and to this point, it is not slowing. Rather than pushing back or ignoring the issue, it may be best to engage in the movement and to have surgeons determine what is best for our field and our patients. Evaluations, such as the one performed by Livingston, are important for us to continually evaluate, refine, and advance our programs.
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